The aim of the current study was to elucidate whether inhibition of corticosterone (CORT) synthesis could modify stress response to feed deprivation and its possible interactions with feed restriction in the neonatal period in broiler chickens. Equal numbers of broiler chicks were subjected to either 60% feed restriction (60FR) or ad libitum (AL) on d 4, 5, and 6. On day 7, blood CORT, acute phase proteins (APP), interleukin-6 (IL-6) levels, and brain heat shock protein 70 (HSP70) expression were determined. On d 35, chickens in each early age feeding regimen were subjected to one of the following treatments: (i) ad libitum feeding (ALF), (ii) 24 h feed deprivation (SFR), or (iii) 24 h feed deprivation with intramuscular injection of 1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane (DDT) at 100 mg/kg BW (SFR+DDT). The effect of SFR on CORT, APP, IL-6, and HSP 70 were determined on d 36. The results showed that subjecting chicks to 60FR significantly elevated CORT and brain HSP70 concentration compared to the AL group on d 7. The early feeding regimen had no significant effect on CORT, alpha-1 acid glycoprotein (AGP), ovotransferrin (OVT), ceruoplasmin (CP), IL-6, or brain HSP70 on d 36. The CORT, AGP, OVT, CP, IL-6, and brain HSP70 expression of SFR birds following 24 h of feed deprivation (d 36) were significantly higher than their ALF and SFR+DDT counterparts. Both ALF and SFR+DDT birds had similar values. Stress attributed to feed deprivation without concurrent increase in CORT had a negligible effect on serum levels of APP and IL-6 and brain HSP70 expression.
INTRODUCTION
When birds are exposed to noxious stimuli the hypothalamic-pituitary-adrenal axis (HPA) will be evoked and leads to an increase in the synthesis and release of adrenal glucocorticoids (mainly corticosterone, CORT) into the bloodstream. Elevation in circulating levels of glucocorticoids in response to stresses is crucial to restore homeostasis (Sapolsky et al., 2000) . Zulkifli et al. (1994a Zulkifli et al. ( ,b, 2000 demonstrated that stress attributed to early age feed restriction enhanced stress tolerance later in life when compared to that fed ad libitum throughout. However, stressful experiences during the neonatal stage without simultaneous increases in the synthesis and release of CORT may not assist a bird in response to subsequent stressors (Zulkifli et al., 1994a) . Thus, stress-induced increases in the synthesis of CORT may be critical to prepare a bird in coping C 2018 Poultry Science Association Inc. Received August 3, 2017. 1 Corresponding author: zulidrus@upm.edu.my with subsequent physiological disruptions Zulkifli et al., 2011 Zulkifli et al., , 2012 . The underlying mechanism of neonatal stress and enhancement of coping ability later in life in poultry has been associated with the ability to express heat shock protein 70 (HSP70) (Zulkifli et al., 2002) . It is well documented that HSP play a profound role in modifying physiological stress response and in acquisition of stress tolerance (Kregel, 2002) .
Acute phase proteins (APP) are serum proteins primarily synthesized by hepatocytes as part of the acute phase response (APR). The APR is part of the early defense or innate immune system, which is elicited by a diversity of challenges such as inflammation, bacterial infection, endotoxin exposure, and tissue injury (Murata et al., 2004; O'Reilly and Eckersall, 2014) . The APR results in a complex systemic reaction with the goal of re-establishing homeostasis and promoting healing. In poultry, stress caused by feed deprivation increased serum levels of APP ovotransferrin (OVT), ceruoplasmin (CP), and alpha-1 acid glycoprotein (AGP) (Najafi et al., 2016) . The mechanism of APP elicitation in response to noxious stimuli is not fully understood. Murata et al. (2004) reported that pro-inflammatory cytokines such as interleukin-6 (IL-6) stimulated APP synthesis in the liver. They suggested that activation of the HPA axis by stressors may trigger IL-6 production and subsequently the release of APP into the bloodstream. Zulkifli et al. (2014) showed significant elevations in OVT, AGP, CP, plasma IL-6, and brain HSP70 expression in chickens treated with exogenous CORT. Hence, it appears that circulating CORT modulates the elicitation of HSP70, APP, and IL-6 responses. On the contrary, Soleimani et al. (2011) reported that feeding Japanese quail with 30 mg/kg CORT did not affect HSP70 expression in the brain or heart. Similarly, Deane et al. (1999) showed that daily injection of cortisol into silver sea breams had a negligible effect on liver HSP70 expression. Murata et al. (2004) , in their review, postulated that stress signal, independent of the HPA axis, also may induce macrophages to produce IL-6 and thereby elevate hepatic production of APP. It appears that the interrelationship between CORT, as the main endocrine response to stress, and the other physiological stress responses, such as HSP 70, APP, and IL-6, is still not clear. Moreover, the possible interaction of such a relationship with neonatal exposure to stress also warrants further investigation. Therefore, the objectives of this study were: (i) to determine the effect of 24 h feed restriction in neonatal chicks on CORT, HSP70, APP, and IL-6, (ii) to elucidate whether inhibition of CORT synthesis could modify stress response to feed deprivation in 36-day-old chickens, and (iii) to evaluate whether stress during the neonatal stage may modify the impact of inhibiting CORT synthesis on stress response in broiler chickens subjected to 24 h of feed deprivation later in life.
MATERIALS AND METHODS

Birds, Husbandry, and Housing
All experimental procedures were conducted in accordance with the University of Putra Malaysia Research Policy on animal care. A total of 192 one-day-old female Cobb 500 broiler chicks was obtained from a local hatchery. At one d of age (d 1), the chicks were weighed and randomly allocated into groups of 8 to 24 battery cages with wire floors in an environmentally controlled room. Ambient temperature on d 1 was set at 32
• C and then gradually reduced until 24
• C by d 21. The chicks were fed commercial broiler diets. The lighting regimen was 18L:6D.
Experimental Treatment
On d 4, 5 and 6, 12 cages of birds were assigned to 60% feed restriction (60FR), while the other 12 cages were fed ad libitum (AL). The feed restricted group received 60% of the feed intake of the AL group on the previous day. On d 7 at 08:00 h (before feeding), 12 birds (one per cage) from each feeding regimen were randomly chosen and removed with minimum disturbance to flock mates. Immediately following the capture, birds were decapitated and blood samples were collected for serum separation. The serum samples were stored at -80
• C awaiting analysis for CORT, OVT, AGP, CP, and IL-6. Following the blood sampling, brain (whole cerebrum) samples were collected for determination of HSP expression. On d 35, birds in AL and 60FR groups were subjected to either of the following treatments (4 cages per group per treatment): (i) ad libitum feeding (ALF), (ii) 24 h of feed deprivation (SFR), or (iii) 24 h feed deprivation with intramuscular injection of 1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane (DDT) (Sigma Aldrich Chemical Co., Saint Louis, MO) dissolved in corn oil at 100 mg/kg BW (Adamsson et al., 2009 ) (SFR+DDT). The birds were injected at 20:00 h, which was 12 h before starting the feeding regimen (Gross, 1990) . The adrenal blocking effect of DDT in chickens has been reported previously (Colmano and Gross, 1971; Srebocan et al., 1971; Gross and Chickering, 1987; Gross, 1990; Jonsson et al., 1994) . The chemical, inhibits conversion of deoxycorticosterone to CORT via inhibiting 11β-hydroxylase activity (Kenaga, 1966) . The DDT dosage used in the present study was based on a pilot study in our laboratory. Dosage of 100 mg/kg BW was the most optimal level to block the synthesis of CORT in broiler chickens subjected to feed deprivation for 24 hours. The ALF and SFR groups were injected intramuscularly with 0.5 mL corn oil. Similar sampling procedures (12 birds per treatment group) as described earlier were repeated following the 24 h (d 36) feed deprivation.
CORT and IL-6 Assays
Plasma CORT was determined using a commercial high-sensitivity EIA kit (AC-15F1, IDS, Boldon, UK). The intra-and inter-assay variabilities were less than 6.7% and 7.8%, respectively; and the detection limit was 27 ng/mL. The protocol of analysis was according to the manufacturer's recommendations. The IL-6 was measured by a commercial ELISA kit specific to chicken (NB-E60049, Novateinbio, Cambridge, MA). The standard range was 3.2 to 100 pg/mL, and the detection limit was 0.5 pg/mL. The samples of different d and treatments were analyzed mixed in the same batches.
APP Assay
AGP concentration was determined by using a commercial ELISA kit specific to chicken (Life Diagnostics Inc., West Chester, PA). The radial immunodiffusion method, modified from (Mancini et al., 1965) , was used to measure OVT. Briefly, 1% agarose gel (Sigma A9539) was prepared (0.13 g of agarose in 13 mL TBS in a water bath at 56˚C), and 260 μl of rabbit anti-chicken transferrin antibody (RabMAbs R Abcam, Cambridge, MA) was added to the mixture and poured onto a gel membrane (Flow-MeshTM, Sigma Aldrich, St. Louis, MO) at room temperature. Nine wells were punched in each gel, and 10 μl of standard or serum samples were loaded in each well. OVT standards (albumin from chicken egg white, Sigma Aldrich, St. Lois, MO) were prepared at 0, 0.078, 0.3125, 1.250, and 5 mg/mL. Gels were incubated in a dark and humid environment for 48 hours. Following incubation, the size of the ring around each well was measured and calculated against standards. The concentration of CP is determined by the rate of formation of a colored product from CP and the substrate 1,4-phenylenediamine dihydrochloride, according to the procedure of Martinez-Subiela et al. (2007) . Briefly, 20.375 g of sodium acetate trihydrate were dissolved in 250 mL distilled water and adjusted to pH 6.2 using glacial acetic acid. 0.615 g of 1,4-phenylenediamine dihydrochloride (Sigma P1519) were added to the prepared buffer and kept in the dark for a minimum of 45 minutes. One hundred μl of the above buffer and 10 μl of samples or standards were added to each microplate well, shaken gently, and kept in the dark for 20 minutes. The absorbance was recorded spectrophotometrically using a microplate reader at 550 nm. Standards were prepared with serial dilution of pig serum of known CP concentration calibrated against purified CP (Sigma Chemical Co St. Louis, MO) and saline buffer combination to achieve various concentrations of 12.75 (20 μl pig serum + 60 μl saline buffer), 6.375, 3.1875, 1.59375, 0.79608, 0.39804, 0.199, and 0.099 mg/mL CP.
SDS-PAGE and Immunoblot Analysis for HSP70 Expression
The levels of HSP70 protein expression were determined as previously described (Soleimani et al., 2012) with some modification. Briefly, brain samples (0.3 g, whole cerebrum) were homogenized with 1.5 mL of protein extraction buffer (20 Mm Tris, pH 7.5; 0.75 M sodium chloride) and 10 μl/ml protease inhibitor cocktail (P8340, Sigma Chemical Co., St. Louis) and centrifuged at 20,000 g for 30 min at 4
• C. The supernatant was separated, and the total protein was measured using a bicinchoninic acid protein assay kit (B9643, Sigma Chemical Co., St. Louis, MO). Total protein (25 μg) was loaded and separated on 10% polyacrylamide gels containing SDS. Gels were electrophoresed at 120 V until the tracking dye reached the base of the gel, and the fractionated proteins were transferred to polyvinylidene difluoride membranes (MSI, Westborough, MA) using a trans-blot semidry electrophoretic transfer cell (Bio-Rad, Hercules, CA). The membranes were incubated for 1 h with 5 mL of blocking buffer containing monoclonal mouse antibody (ab6535, Abcam, Cambridge, MA) against HSP70 in a 1:20,000 dilution. The membranes were washed 3 times (5 min each) with 10 mL of cold tris-buffered saline Tween 20 and incubated in a horseradish peroxidase conjugated rab- 
Statistical Analysis
Data were subjected to ANOVA using the GLM procedure of SAS (SAS, 2005) . Early feeding regimen (AL and 60FR) was the only main effect to analyze data measured on d 7. Data for traits measured on d 36 were analyzed using early feeding regimen (AL and 60FR), late feeding regimen (ALF, SFR, and SFR+DDT), and their interactions as main effects. When interactions between main effects were significant, comparisons were made within each experimental variable. When significant effects were found, comparisons among multiple means were modeled by Duncan's multiple-range test. Statistical significance is considered as P < 0.05.
RESULTS
Subjecting chicks to 60FR significantly elevated CORT (P < 0.001) and brain HSP70 (P = 0.0036) concentration when compared to the AL group on d 7. There were no significant effects of early age feeding regimen on AGP, OVT, CP, or IL-6 (P = 0.3481; 0.1384; 0.6173; 0.1053, respectively) ( Table 1 ). The early feeding regimen had no significant effect on CORT, AGP, OVT, CP, IL-6, or brain HSP70 concentration on d 36 (P = 0.6307, 0.6928, 0.8406, 0.2376, 0.2376, 0.0536, 0.5922, respectively). The CORT, AGP, OVT, CP, IL-6, and brain HSP70 expression of SFR birds following 24 h (d 36) of feed deprivation were significantly higher than their ALF and SFR+DDT counterparts (Table 2 ). Both ALF and SFR+DDT birds had similar values for all the traits measured (Table 2) . There was no significant interaction for any of the traits measured on d 36. A representative blot image of HSP70 expression is illustrated in Figure 1 . The gel image representing the effect of early and late feeding regimens on serum OVT level is presented in Figure 2 .
DISCUSSION
As expected, 60FR resulted in significantly higher CORT and brain HSP70 expression on d 7 (Table 1) . These results confirmed those of Soleimani et al. (2011) that neonatal feed restriction increased brain HSP70 expression and CORT. We noted that 60FR did not Table 1 . Effect of early feeding regimen on mean (±SEM) levels of serum corticosterone (CORT) (ng/mL), α1-acid glycoprotein (AGP) (mg/mL), ceruloplasmin (CP) (mg/mL), ovotransferrin (OVT) (mg/mL) concentrations, interleukin 6 (IL-6), and brain heat shock protein 70 (HSP70) expression in broiler chickens at 7 d of age. Means within a column-subgroup with no common letters differ at P < 0.05. 1 AL = ad libitum feeding; 60FR = 60% of ad libitum feed intake. 2 ALF = ad libitum feeding; SFR = 24 h feed restriction; SFR+DDT = 24 h feed restriction with intramuscular injection of DDT.
affect AGP, OVT, or CP in chicks on d 7. In agreement, Najafi et al. (2015) reported that feed restriction at 75, 60, 45, and 30% of ad libitum intake from d 28 to 42 d of age had negligible effect on AGP, OVT, and CP in broiler breeder pullets. Zulkifli et al. (1995) reported that White Plymouth Rock chicks subjected to neonatal feed restriction had lower heterophil to lymphocyte ratios (HLR) but similar CORT following 24 h feed deprivation at 36 d of age when compared to those fed ad libitum during the neonatal stage. The authors concluded that stresses early in life can evoke long-lasting changes in the physiological response to a stimulus. In the present study, the neonatal feed restriction did not modify CORT, OVT, AGP, CP, or IL-6 responses to 24 h of feed deprivation in 36-day-old broiler chickens. There is no clear explanation for the discrepancies, although they could be associated with the differences in breeds of chickens used in both studies. Zulkifli et al. (1994a) demonstrated that neonatal feed restriction improved stress tolerance in 43-day-old non-dwarf White Plymouth Rocks but not in their dwarf counterparts. Physiological stress reaction to deprivation also varied according to breed. Working with Light Sussex, Freeman et al. (1984) concluded that depriving food, water, or both for 24 h had negligible effect on CORT. On the contrary, Zulkifli et al. (1995) showed that 24 h of feed deprivation elevated HLR in 47-week-old White Leghorns. The present findings indicated that 24 h of feed deprivation was stressful to broiler chickens. The SFR chickens had higher CORT, HLR, OVT, AGP, CP, IL-6, and brain HSP70 expression than their ALF counterparts. On the contrary, Najafi et al. (2016) reported elevations in OVT, AGP, and CP only after 30 h of feed deprivation. There is no clear explanation for the discrepancy, although it may be associated with the variations in the ages of the experimental chickens. Najafi et al. (2016) used broiler chicks of 22 d of age, whereas we used 36-day-old chicks. Thus, APP could be used to gauge physiological stress in avian species and are thus another biomarker for well being. Alterations in serum levels of APP following fasting suggested the role of the proteins in restoring homeostasis in animals subjected to non-inflammatory, psychophysical stressors (Cray et al., 2009 ).
Il-6 is a pro-inflammatory cytokine, having a key role in inflammatory responses via activation and regulation of other stimulated cells and tissues (Wigley and Kaiser, 2003) . Zulkifli et al. (2014) demonstrated that administration of exogenous CORT elicited plasma IL-6 activity in chickens. The present findings indicated that stress associated with 24 h feed deprivation may increase serum IL-6 level. In vivo and in vitro findings suggested that IL-6 is an important mediator in the synthesis of APP (Moshage et al., 1988; Marinkovic et al., 1989) . van Gool et al. (1990) and Shini and Kaiser (2009) suggested a relationship among stress, IL-6, and APP in rodents. The preceding discussion suggests that stress may stimulate the macrophages and Kupfer cells to release IL-6, which elicits the hepatocytes to synthesize APP. Murata et al. (2004) , in their review, suggested that induction and regulation of APP during stress are mediated through the HPA axis and IL-6. The authors also postulated that internal and external challenges can directly evoke the production of IL-6. It appears that APP reaction can be elicited by stress without evoking adrenal cortical activity. In the present study, administration of DDT blocked CORT synthesis and suppressed IL-6 and APP responses following the 24 h feed deprivation. It appears that stress without concomitant increase in the synthesis and liberation of CORT may not trigger APP response in avian species. There is, however, a question as to whether suppression of IL-6 response is attributed to the direct effect of DDT or the secondary effect of inhibition of adrenal cortical activity. Because administration of exogenous CORT elevated IL-6 (Zulkifli et al., 2014) in poultry, it is possible that the suppressed IL-6 reaction in DDTtreated birds is a consequence of inhibition of CORT. Interestingly, although stress may elicit IL-6, the cytokine also has been reported to increase the release of ACTH in the pituitary, and the hormone stimulates glucocorticoid synthesis in the adrenal cortex (Heinrich et al., 1998) . Sapolsky et al. (2000) proposed that the modulating actions of glucocorticoids can be permissive, suppressive, stimulating, and preparative, and, thus, animals with impaired ability to synthesize and liberate glucocorticoids may not be able to cope with stress as well as their normal counterparts. In the present study, our results are consistent with the stimulating role of glucocorticoids in which inhibition of the CORT by DDT, eliminated the APP, IL-6, and HSP70 synthesis after feed deprivation. The relationship between CORT and expression of HSP70 has been inconsistent in poultry. Mahmoud et al. (2004) reported a positive correlation between CORT and heart HSP70 expression in broiler chickens subjected to cyclic heat stress. On the contrary, Soleimani et al. (2012) reported that feeding Japanese quail with 30 mg/kg CORT for 3 d did not affect HSP70 level in the brain or heart. Zulkifli et al. (2014) demonstrated that daily injection of CORT for 4 and 7 d significantly increased HSP70 expression in the brain. The present findings clearly suggested that failure to increase CORT during perturbation of homeostasis may result in retardation of brain HSP70 expression.
In conclusion, under the conditions of this study, feed deprivation for 24 h elevated CORT, IL-6, AGP, OVT, CP, and brain HSP70 expression in broilers. However, following injection of DDT as the CORT synthesis inhibitor, 24 h feed deprivation had negligible effects on APP and brain HSP70 expression. On a cautionary note, however, DDT also may influence the endocrine system in other ways (Grassle and Biessmann, 1982) , and some of the effects observed in our study may have been associated with those changes.
